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TITLE OF THE INVENTION 



Semiconductor Wafer With Grouped Ii\tegrated Circuit Die 
Having Inter-Die Connections For Group Testing 



CROSS-REFERENCES TO RELATED APPUCATIONS 



[0001] This appUcation claims thj» benefit, under 35 U.S.C. §119(e)(l), of U.S. 

5 ^Provisional AppUcation No. / (TI-27832PS), fUed December 27, 2001, and 

V incorporated herein b y this refefence. 
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STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR 
DEVELOPMENT 

[00021 Not Applicable. 



BACKGROUND OF THE INVENTION 

[00031 The present embodiments relate to electronic circuits and are more particularly 
directed to the simultaneous formation of multiple die on a wafer with common test 
points for each of the multiple die, 

15 [00041 Integrated circuits are immensely prevalent in all aspects of contemporary 
electronic technology. Indeed, vast resources are expended in developing and 
implementing integrated circuit technology in order to supply demands imposed by the 
consuming marketplace, hi this regard, the efficient production of integrated circuits is 
critical, and the present embodunents are directed at such efficiency. Particularly, the 

20 present embodiments improve the efficiency for testing integrated circuit during the 
manufacturing process and, therefore, improve the entire process of integrated circuit 
formation. 
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[0005] By way of introduction, the present state of the art for integrated circuit die 
fabrication includes one or more testing steps of each die so as to improve yield and to 
provide satisfactory devices to consimiers. Testing, therefore, becomes part of the time 
required for fabricating and releasing integrated circuit devices. Accordingly, while the 
manner of testing must )deld a sufficient nxmiber of acceptable devices, the time and cost 
for testing also mxist be minimized so as not to unduly drive up the price of each device, 
particularly given the nature of the present day competitive marketplace. 

[0006] Integrated circuit testing in contemporary applications often involves the use 
of a probe card, such as are commercially available from the Cerprobe Corporation. The 
probe card typically includes a nxunber of probe tips that extend in a tapered manner, 
where often the tapered tips are generally aligned in a single linear dimension so as to 
accommodate a set of bond pads located in the same single linear dimension on an 
integrated circtiit die. The generally linear aligrunent of such bond pads is common in 
memory devices. However, with various other circuits, more complex constraints are 
imposed on the probe card due to attributes of tiie bond pads. For example, for devices 
other than memory, such as in the case of logic circuits or complex processors, often the 
bond pads are located on the integrated circuit die in various different locations across a 
two-dimensional space. As another example, the size of the bond pad as defined by its 
width and depth, and the distance, or "pitch", between bond pads, are reduced as 
compared to older devices. As still another example, more complex integrated circuit 
devices typically include a much larger niraiber of bond pads, even in a single dimension; 
thus, there is an attendant difficulty in providing a sufficient nuinber of probe tips that can 
properly align with the large number of bond pads. In all events, therefore, these added 
complexities have given rise to the design of probe cards with a special geometry probe 
array in an effort to accommodate ttiese more complex aspects. Such specialized probe 
cards, however, are considerably more expensive than their simpler coimterparts and, 
indeed, the cost of such a card, particularly for devices with relatively small pitch sizes 
(e.g., 13 ^m or less) may nm in the tens of thousands of dollars. Ftirther, these probe cards 
have a limited lifespan, which in part is exhausted according to the nimnber of probe 
touches that occur in the use of the card, that is, the number of times each tip is used to 
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touch a corresponding bond pad for testing. Note also that often two touches are required 
per bond pad, a first touch that is considered a ''scrub" for essentially ensuring a dean 
contact to the pad and a second touch for the actual test to be applied via the probe tip. In 
any event, tlie probe card eventually deteriorates through numerous xises and, therefore, 
5 the above-described cost is repeatedly incurred as newer probe cards are warranted. 

[00071 By way of further background, U.S. Patent 5,444^66 ("the '366 patent) issued 
on August 22, 1995, entitled "Wafer Bum-In And Test System," and is hereby 
incorporated herein by reference. The '366 patent describes a two-step process for forming 
a testing apparatus on top of devices that functionally are already completed on a 

10 semiconductor wafer. The first step applies two layers, an adhesive followed by a 
dielectric, and then both layers are patterned to make openings to previously-formed 
bond pads. The first step also requires the formation of two metal layers on top of ttie 
adhesive and dielectric, with a subsequent pattern and etch to form fuse link conductors, 
where at one end the fuse link contacts a bond bad and at the other end the fuse link 

15 contacts a via pad. The second step applies another dielectric covering the materials 
described above, followed by an etch and another metal layer that creates conductors that 
span in a columnar fashion across multiple devices and to a test point located in the non- 
patterned area of the wafer. Thereafter, the test point may be used for testing and biun-in 
procedures. 

20 [0008] While the '366 patent may provide a useful testing mechanism for some 
devices, the present inventor has observed various of its drawbacks. For example, the 
testing architecture provided by the '366 patent comes at the cost of adding numerous 
additional layers to an integrated circuit that is already functionally complete, and those 
extra layers correspondingly require additional processing steps before testing can occur. 

25 In addition, presumably much if not all of the testing structure is required to be removed 
before flie integrated circuit die is usually in a circuit package or the like, thereby possibly 
necessitating still additional manufacturing processes. In some contemporary 
applications, these additional actions would be too burdensome and, thus, render the 
approach of the '366 patent unusable for such applications. 
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[0009] In view of the above, there arises a need to address the drawbacks of the prior 
art as well as the complexities arising in contemporary probe card applications, and such 
needs are addressed by the preferred embodiments described below. 
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BRIEF SUMMARY OF THE INVENTION 

[00101 In the preferred embodiment, there is a method of forming a plurality of 
integrated circuit die on a semiconductor wafer. The method forms a first integrated 
circuit die in a first area in a fixed position relative to the semiconductor wafer, by forming 
at least two devices in the first area, the at least two devices selected from a group of active 
and passive devices, and by forming a first metal layer comprising portions connecting to 
the at least two devices in the first area. The method also forms a second integrated circuit 
die in a second area in a fixed position relative to the semiconductor wafer, the second 
area separated from the first area by a scribe area. The formation of the second integrated 
circuit die comprises the steps of forming at least two devices in the second area, the at 
least two devices selected from a group of active and passive devices, and forming the first 
metal layer to further comprise portions connecting to the at least two devices in the 
second area. The method also forms the first metal layer to further comprise a portion 
electrically connecting a portion of the first metal layer in the first area to a portion of the 
first metal layer in the second area and thereby extending in the scribe area. Various other 
aspects are also disclosed and claimed. 



yi 10 

U1 

nj 



TI-27832 A W PATENT 



BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 

[0011] Figure 1 illustrates a stepper system for forming a plurality of integrated circuit 

die on a wafer according to the preferred embodiment. 

[0012] Figure 2 illustrates a top view of wafer after nimcierous integrated circuit die 
5 have been formed on its surface. 

[0013] Figure 3 illustrates shot SH2 encompassing four integrated circuit die from 
Figure 2 in an enlarged manner and with greater detail in order to demonstrate further 
aspects of the preferred embodiment. 



[0014] Figure 4 illustrates a cross-sectional view that in general depicts tiie manner of 
connecting contact points CPa and CPb on two different integrated circuit die 32x from shot 
SH2 to a mutual shared point SPx. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0015] The present embodiments relate to the simtiltaneons formation of multiple die 
on a wafer with common test points for each of the mvdtiple die. In this regard. Figure 1 
illustrates one type of a system that may perform the overall simultaneous formation, 
5 where this system is referred to as a stepper system 10. Stepper system 10 is by way of 
illustration, where from the later description one skilled in ttie art will appreciate that 
various modifications or substitutions may be made to system 10 while still permitting the 
simxiltaneous formation of multiple die in accordance with additional steps described 
later. Finally, stepper system 10 in general is known in the art, but the attributes described 
2 10 later give rise to an overall improved wafer device by using system 10 appropriately. 

yn [0016] Turning then to stepper system 10 of Figure 1, it is shown in a simplified 

% format in that only various components are illustrated, or consolidated, in order to 

m simplify the present discussion and to facilitate a greater xmderstanding of the preferred 

^ embodiments; thus, one skilled in the art will appreciate that stepper system 10 may 

*^ 15 include various items in addition to, or in lieu of, those shown in Figure 1. Stepper system 

nJ 

hi 10 includes a light source 12 disposed over a plate 14, where plate 14 is typically quartz 

and is or has been referred to in the art by various names such as a "reticle" or a "mask/' 
For sake of convenience, therefore, plate 14 is hereafter referred to as reticle 14. Located 
below reticle 14 is a projection lens 16, which actually may include more than one lens and 
20 may cooperate with one or more mirrors (not shown). Looking to the bottom of Figure 1, 
stepper system 10 further includes a wafer support 18, which supports at least one wafer 
20 so that its surface 20s is facing projection lens 16. A photoresist layer 22 may be placed 
on surface 20s. Lastly, stepper system 10 includes a controller 24 which may include 
electronic control circuitry and apparatus, including computer control such as through a 
25 processor or the like, so that various control actions may be taken with respect to other 
items in stepper system 10; by way of example, therefore, control arrows are shown from 
controller 24 to light source 12, projection lens 16, and wafer support 18. 

[0017] A brief description of the operation of stepper system 10 is now provided. 
Light source 12 is energized, such as by way of a control operation from controller 24, and 
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in response it provides a light beam 26 to reticle 14. Although not expressly shown in 
Figure 1, it is known in the art that portions of reticle 14 block flie passage of light while 
other portions of reticle 14 allow light to pass through it, thereby providing a light image 
28 toward projection lens 16. Projection lens 16 then focuses and projects light image 28 so 
that a projected image 30 is directed toward a particular location on photoresist layer 22 
and corresponding to an underlying location of surface 20s of wafer 20. A particular 
location is sometimes referred to in the art as an exposure or field. Once projected image 
30 impinges on siuf ace 20s, and in combination with the effect of photoresist 22, a circuit 
image is formed, and it should be noted that this image may form directly on surface 20s 
or in some otiier layer that has been located on siuface 20s (e.g., polysilicon, silicon 
dioxide, silicon nitride, glass, polyamide, metals or metal alloys). In any event, the circuit 
image includes either a drciut element or some other photographically imparted device 
features in surface 20s or a layer above that siuiace. Lastly, it is noted that this image is 
also sometimes referred to in the art as a pattem. 

[0018] After the steps described above, wafer support 18 moves and thereby moves 
wafer 20, such as by way of a control operation from controller 24. Next, the steps 
described above are repeated, so once more light beam 26 passes through reticle 14 to 
produce a light image 28, and light image 28 passes through projection lens 16 to create a 
projected image 30 which impinges on a different location of photoresist layer 22 
corresponding to a different underlying location on wafer 20. This repeated sequence is 
itself repeated numerous times so that numerous images (or patterns) are formed on a 
single wafer. Generally each image may be a portion of a single circuit, or alternatively an 
image may represent mtdtiple duplicate circuits on the wafer, as has particxilar application 
in the preferred embodiments as detailed later. Thus, stepper system 10 essentially 
"steps" from one image to the next and, hence, is often referred to in the art as a "stepper." 
Further, at each step location, a single exposure at that location is sometimes referred to as 
a "shot." 

[0019] Figure 2 illustrates a top view of wafer 20 and its surface 20s from Figure 1, 
after numerous integrated circuit die 32 have been formed on surface 20s using stepper 
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system 10. For ttie sake of simplif5nng the illustration, only certain integrated circuit die 32 
are labeled, while it should be understood that each unlabeled but comparable rectangle 
in Figure 2 also represents an additional integrated circuit die. Given the circular nature of 
wafer 20, a maximttm number of integrated circuit die may be formed on surface 20s 
generally by arranging the die in an array fashion. Near the outer botmdary of wafer 20, 
however, in various locations die are not shown because they will not structurally fit 
within the area near that outer boimdary; in actuality, often the circuit of a given die will 
be formed in part, but that partial circuit is discarded later as it is not properly usable if 
there was insufficient area on siu-face 20s to form the specific integrated circuit die in its 
entirety. 

[0020] Figure 2 further illustrates four dashed boxes, where each box is labeled SH^ 
and is intended to depict the area exposed in a single instance or shot by stepper system 
10. In other words, recall from above the description wherein stepper system 10 performs 
an exposure, then wafer 20 is moved, another exposiure is performed, and so forth in 
repeated fashion. Each exposure therefore represents a shot of the same dimension, and 
tiie example in Figure 2 is such that such a dimension at most encompasses four integrated 
circuit die, as demonstrated by shots SHi, SH2, and SH3. However, again due to the 
circular outer boimdary of wafer 20, some shots will include less than foxir fully-functional 
integrated circuit die, such as in the example of shot SH4. In any event, and for sake of the 
preferred embodiments, each shot SHx represents at most four integrated circuit die on 
wafer 20. This limitation is embodied in reticle 14 (see Figure 1), which provides the 
image that defines all features to be achieved in the shoot. Naturally, the number of 
integrated circuit die wifliin a shot may be adjusted in various implementations, and as 
further appreciated below, the present inventive teachings apply equally to such 
variations wherein more than one integrated circuit die is exposed during a given shot. 

[QOZl] Figure 3 illustrates shot SH2 from Figure 2 in an enlarged manner and with 
greater detail in order to demonstrate further aspects of the preferred embodiment. 
Generally, therefore, shot SH2 includes four integrated circuit die 32, and for sake of being 
able to distinguish each of tiiose die from one another in the following discussion, a 
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different subscript is added to the generally designation of 32 in Figure 3 so that the Figure 
illustrates die 32i, 322, 323, and 324. Figure 3 further illustrates the remaining scribe area 34, 
which is that area within shot SH2 but not covered by any of the integrated circuit die 32 
and required so tiiat after manufacturing each die 32x may be separated from wafer 20 

5 such as with the use of a saw or the like. Further, and as discussed below and as known in 
the art, after completing the formation of the circuitry of each die 32 of wafer 20, then each 
die 32 is physically separated from one another by cutting within scribe area 34. Typically, 
therefore, the prior art does not contemplate the formation of usable circuitry or 
conductors within scribe area 34, since such structures wotdd be destroyed by the cutting 

10 process; as shown below, however, the preferred embodiments indeed do contemplate the 
inclusion of various structure within scribe area 34, despite the later destruction of that 
structure which may occur diuing the subsequent cutting in scribe area 34. As shown 
below, such destruction is acceptable because as of that point such structure has 
completed its useful purpose. Lastly, note that while Figure 3 is shown in an acctirate 

15 schematic sense, the actual layout of various contacts and conductors is by way of 
iQustrating electrical fimction, where one skilled in the art may for various reasons 
(e.g., length and complexity reduction) choose to route the conductors and locate the 
contacts in alternative manners. 

[0022] By way of further introduction to the preferred embodiments and Figure 3, the 
20 preferred embodiments endeavor to reduce and/ or simplify the ntimber of test points by 
creating shared pads that are for accessing by probe tips or the like during testing, where 
the shared pad test points generally represent electrical jtmctions of contact pads from 
more than one integrated circuit die within a shot SH,. These aspects are now further 
explored in detail in connection with Figure 3, which depicts various examples of how 
25 such pads may be formed according to the preferred embodiment. Further, while Figure 3 
provides various examples, still others will be ascertainable by one skilled in the art given 
the teachings in this document as continued below. 

[0023] Looking to a first example of a preferred embodiment from Figure 3, each 
integrated circuit die 3Zr includes a contact pad CPijr, preferably in a comparable physical 
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position with respect to each die. In other words, die 32i includes contact pad CP1.1, die 
322 includes contact pad CPi^/ and so forth. Each contact pad CPijr is electrically 
connected to a single shared pad SPi, where shared pad SPi is formed within scribe area 
34. In the preferred embodiment and in contrast to the prior art, shared' pad SPi and the 

connections from each contact pad CPijc to shared pad SPi are formed during the same 
process steps as the fabrication of contacts and interconnections within each die 32x, as is 
described below with reference to Figure 4. 

[0024] Figure 4 illustrates a cross-sectional view that in general depicts the manner of 
connecting two contact points CPa and CPb, on two different integrated circuit die 32^, to a 
mutual and single shared point SP^. The iQustration of Figtue 4 is not expressly along any 
particular cross-sectional line from Figure 3, but as appreciated below is intended as a 
more general illustration of the process steps and the fabrication of contacts and 
interconnections within each integrated circuit die 32^ as well as in scribe area 34. Looking 
specifically to the Figure 4, it includes two integrated circuit die 32a and 32b, which may 
correspond to any two corresponding integrated circuit die 32;^ in Figure 3. Located 
between integrated circuit die 32a and 32b is a scribe area 34, where each of integrated 
drcxiit die 32a, 32b, and scribe area 34 is formed in fixed relation relative to a same 
semiconductor substrate 40. Substrate 40 is supported or is part of wafer 20 described 
earlier. Within each integrated circuit die 32a and 32b, various known devices, both active 
and passive, may be formed using stepper system 10. By way of a very common example, 
therefore, each die 32a and 32b is shown to include two respective transistors 42a and 42b, 
which are ttie same for tiie sake of example and which are shown in a fairly common 
configuration according to the contemporary prior art. For example, each transistor 42a 
includes a gate stack 44a with sidewalk 46a. Source/drain regions 48a are self-aligned with 
respect to gate stack 44a and are formed in substrate 40, with contact regions 50a on top of 
source/ drain regions 48a. Further, each transistor 48a is isolated with isolation regions 52a. 
Additionally, two interconnects 54a are shown contacting respect contact regions 50a and 
extending over each of the isolation regions 52a. Lastly, once each of the two transistors 
42a is complete, an insulating layer 56 (e.g., dielectric) is formed over the device. Note that 
insulating layer 56 is also formed in scribe area 34 over substrate 40. 



11 



TI-27832 A S PATENT 



[0025] After the varioxis devices, including transistors 42a and 42b, are formed at a first 
level in die 32a and 32b, additional layers are formed to support interconnections within 
each die. Thus, appropriate holes are cut flu-ough insulating layer 56 through use of an 
appropriate reticle 14 in stepper system 10 of Figure 1, and then a first metal layer 58, 
5 sometimes referred to as metal-1, is formed over insulating layer 56. Where metal layer 58 
extends along insulating layer 56 it defines a planar level shown as plane Pi. Where metal 
layer 58 extends within the holes formed in insulating layer 56, it provides connectivity, 
such as shown by way of example where two different portions of metal layer 58 connect 
to respective interconnects 54a in die 32a and where two different portions of metal layer 
10 58 connect to respective interconnects 54b in die 32b. While not shown, it is anticipated 
□ that for each die, metal layei;.58 may have many portions, all extending generally along 

the same plane PLi in a dimension tiiat is generally parallel to a plane Ps defined by the 
majority axis dimension of substrate 40. Note also diat in an alternative approach, an 
additional insulating layer may be formed first over insulating layer 56 and then patterned 
1 5 prior to the formation of metal-1, but such an approach is not illustrated in Figure 4. 
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[00261 Continuing with Figure 4, after metal-1, other metal layers may be formed, 
again with one or more corresponding insulating layers separating subsequent metals 
from previous metals. By way of example in Figure 4, therefore, an additional insulating 
layer 60 is formed in the area of each of die 32a, 32b and in scribe area 34. Next, 
appropriate holes and channels are cut within insulating layer 60, through the use of 
another appropriate reticle 14 in stepper system 10 of Figxire 1. Next, a second metal layer 
62, often referred to as metal-2, is formed on top of insulating layer 60 and extends within 
the channels and holes previously formed therein. By way of example in Figure 4, 
different portions of second metal layer 62 are therefore shown at the same planar level 
25 shown as plane P2, and those portions coimect to different items within each of die 32a and 
32b. In a like manner, various additional metal layers may be formed. In both the prior art 
and the preferred embodiments, these additional metal layers achieve desired circuit 
connectivity within each die 32:t. However, in the preferred embodiments and tmlike the 
prior art, at the same time that intra-die connectivity (i.e., within the same die) is achieved, 
the same metal layer 62 is used to achieve inter-die connectivity, that is, it is used to 
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dectrically connect items in two different die to one another. To illustrate ttiis aspect in 
the example of Figure 4, metal layer 62 makes various connections within each of die 32a 
and 32b, but it also extends through scribe area 34 and therefore connects one portion of 
metal layer 58 of die 32a to one portion of metal layer 58 of die 32b. 

[0027] Completing Figure 4, after the formation of metal layer 62 (i.e., metal-2), an 
additional insulating layer 64 is formed and pattemed, and a final metal layer is used to 
form various contacts through insulating layer 64 to metal layer 62. In the illustrated 
example, these contacts include shared pad SPx as well as contact pads CPa and CPb. In 
both the prior art and the preferred embodiments, this additional metal layer provides 
surface contacts for each die 32x so that electrical access may be made from the surface of 
the die to connections below the smface. However, in the preferred embodiments and 
unlike the prior art, at the same type such intra-die surface contacts are formed, a contact 
may be made in scribe area 34. Indeed, in many cases such as illustrated in Figure 4 with 
respect to shared pad SPx, such a scribe area surface contact may provide electrical access 
to tiie sub-surface inter-die metal electrical connection (e.g., metal layer 62). Further, in 
one preferred embodiment, and as shown in Figure 4 (and Figure 3), the upper surface 
contact dimensions of shared pad SPx are larger than those of contact pads CPa and CPb, 
for reasons further explored later, although alternatively the shared pad SPx surface could 
be smaller if a reduced size is still adequate for testing. 

[0028] Given the above, one skilled in the art will appreciate that as of the time of 
completion of the final metal contacts CPa and CPb which are at a processing step that is 
already contemplated in the prior art, there also has been formed at least one level of inter- 
die metal. Accordingly, at the same time that each die is electrically and ftmctionally 
complete for the purposes of operating as an individual unit as will occur once it is 
separated from wafer 20, the testing architecture as provided by inter-die metal layer 62 
and shared pad SPx is also complete. Thus, the formation of the inter-die metal and 
contact thereto does not prolong the manufacturing process by requiring additional steps 
or additional layers beyond those already implemented in the prior art. In other words, in 
the prior art a distance Dmax may be defined between the plane Ps of the substrate and the 



13 



TI-27832 




PATENT 



plane P2 of the farfliest intra-die metal connecting layer. According to the preferred 
embodiment, however, at that same distance Dmax or below that distance, there is also 
formed at least one level of inter-die metal connectivity. Thus, the inter-die metal is at a 
distance from substrate 40 that is no greater than (he distance between substrate 40 and 
5 the plane of the intra-die metal layer that is farthest from substrate 40. 

[0029] Returning now to Figure 3, some additional observations are noteworthy with 
respect to the example of contact pads CPi.i, CPi^/ CP1.3, and CP1.4, as well as their 
cormection to shared pad SPi. First, one skilled in the art should now appreciate how the 
mutual connections of each of these contact pads to shared pad SPi are preferably 
10 achieved using one of the intra-die metal layers to also achieve an intra-die cormection. 
Fxirther, with the use of a shared pad SPi, in subsequent testing such as through use of a 
probe card, then only one probe tip is required to access shared pad SPi as compared to 
m accessing each of contact pads CPi.i, CP1.2, CP1.3, and CP1.4. Indeed, recall the preceding 

L discusses one preferred approach of making shared pad SPi physically larger than the 

H 15 contact pads. Such an approach is preferable where the majority or all of testing contact 
;^ will be to shared pad SPi; in other words, in contemporary applicatior«, often the size of 

O all contact pads is driven by the need for probe testing, that is, the contact pads are 

required to be large enough to allow for testing. The increased demand for size is also 
present in the art to provide a satisfactory contact once testing is complete, because in 
20 some instances the testing itself may damage a portion of the contact and, thus, the contact 
must be large enough to leave a satisfactory amount of surface available necessary for 
future electrical access to the contact. Such additional surface may be needed, for 
example, to adhere a solder ball to the contact after testing. In any event, in constructing 
the pads in the physical manner of the preferred embodiment wherein fewer number of 
25 pads are to be tested and hence only those fewer ntunber of pads need to be relatively 
large in size, then the amount of surface area reqxiired in each die 32x for providing test 
contact may be reduced, thereby decreasing the surface area required per die and, thus, 
increasing the total number of die that may be formed in a given wafer. 
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[0030] Having described one example in Figure 3 as well as the preferred 
embodiment as demonstrated by way of example in Figure 4, one skilled in the art will 
appreciate that shared pad SPi and the connections from each contact pad CPijc to shared 
pad SPi are formed during the same process steps as the fabrication of contacts and 
5 interconnections within each die 32x. This aspect is partictdarly beneficial for various 
reasons. As one example of a benefit, the connectivity provided by the shared connections 
allows a later test, such as through use of a probe card, to be made to shared pad SPi, 
which thereby allows access to each die 32x connected to that shared pad SPi. In the 
example of Figure 3, therefore, physical and electrical access to shared pad SPi provides 
O 10 electrical access to each of contact pads CPi.i, CPi.2/ CP13, and CP1.4. Thus, in response to a 
probe touch at shared pad SPi, each of die 32i, 322, 323, and 324 may be tested. As another 
example of a benefit, due to the central location and size of shared pad SPi, the probe card 
may be constructed with less complexity than would be required to provide physical 
access to each of contact pads CPi.i, CPi.2/ CPi.3/ and CP1.4. Note also in this regard, 
15 however, that alternatively shared pad SPi could be smaller in physical dimension if a 
reduced size is still adequate for testing. As still another example of a benefit, recall from 
above that the inter-die connections are formed at the same time as the intra-die 
connections; as a result, no additional manufacturing steps are required beyond those that 
were already required to construct each individual die 32^; in other words, only the 
20 specific reticle need be altered and in a single shot SH, the metal layer(s) necessary to 
achieve intra-die metal cormectivity is/are also used to achieve inter-die metal 
connectivity. Accordingly, the preferred embodiments may be implemented with litde or 
no impact on the cost and complexity of the manufacturing process. 

[0031] A second example of a preferred embodiment from Figure 3 is now explored, 
25 and which is comparable in most respects to that described above. Particularly, each 
integrated circuit die 32x includes a contact pad CPzx and a contact pad CF^jc, again 
preferably in a comparable physical position with respect to each die. Each of these 
contact pads CPijc and CPs x is electrically connected to a respective shared pad SP2 and 
SP3, where shared pads SP2 and SP3 are formed within scribe area 34. As in the case of 
30 shared pad SPi, with respect to shared pads SP2 and SP3 the connections from each 
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respective contact pad CPz, and CPs, are formed during the same process steps as the 
fabrication of the intra-die connections within each die 32x, as described above with 
reference to Figvire 4. Given these additional examples, note that shared pads SPi, SP2, and 
SF3 are aligned in a single dimension. As a result, a probe card constructed to contact 
these shared pads may be more easily fabricated to accommodate the linear-dimension 
touches required, particularly as compared to tiie non-linear alignment of each set of 
contact pads CFxx and CPs^. Also, one skilled in the art will appreciate that each shared 
pad SP2 and SP3 once again provides electrical access to the contact pads to which the 
shared pad is connected. Thus, physical and electrical access to shared pad SP2 provides 
electrical access to each of contact pads CP2.1, CP22, CP23, and CPi4, and physical and 
electrical access to shared pad SP3 provides electrical access to each of contact pads CP3.1, 
CP3.2, CP3.3, and CP3.4. Thus, in response to a probe touch at one shared pad SP2 or SP3, the 
corresponding electrical connections at each of die 32i, 322, 323, and 324 may be tested. 

[0032] A. third example of a preferred embodiment from Figvire 3 is now explored, 
and it is directed to shared pad SP4 which is located within integrated circuit die 324; in 
other words, in this example, the shared pad SP4, unlike the previous examples, is not 
formed within scribe area 34. Looking to tiie electrical connections, each integrated circuit 
die other than die 324 includes a contact pad CP4^, preferably in a comparable physical 
position with respect to each die. However, while shared pad SP4 is also in comparable 
physical position within die SZi, it is designated as a shared pad because it is intended as 
the preferable touch point for later access by a probe card for the sake of testing. In 
addition, and consistent witti the other shared pads described above, in one embodiment 
shared pad SP4 is larger in contact dimension as compared to the contact pads to which it 
is electrically connected; alternatively shared pad SP4 could be smaller if a reduced size is 
still adequate for testing and, indeed, an alternative preference may be to maintain its size 
to be the same as comparable contacts on other die so as to avoid any undesirable 
variability that might arise from using different size contacts on different die. In any 
event, in response to a probe touch at shared pad SP4, the corresponding electrical 
connections at each of die 32i, 322, and 323 may be tested. 



16 



TI-27832 




PATENT 



[0033] Still other alternatives are included within the preferred embodiment and 
relate to the ability to separately test each individual die 32x within shot SH2. Specifically^ 
the preceding embodiments all demonstrate instances where contact to a single pad 
allows electrical access to multiple die. Should a failure be detected in response to such a 
test, one skilled in the art will appreciate that at that point there is no indication of which 
one or more of the die on shot SH2 caused the failure. As a result, the preferred 
embodiment further contemplates additional alternatives for further testing and 
deciphering the location of a device failure. Two of these altematives are illustrated in 
Figure 3 and discussed below. 

[0034] A first example in Figure 3 which permits individual testing of each of the 
integrated circuit die 32x is by way of separate contact pads CP51, CPs^ CP5.3/ and CP5.4. 
Preferably each of these contacts will relate to the same functionality on each die 32^, and 
also they are preferably located in a comparable physical position with respect to each die. 
Note that each separate contact pad CP51, CPs^ CP53/ and CP5.4 is electrically isolated from 
the others in that it does not have an inter-die connection. As a result, during subsequent 
testing with the use of a probe card or the like, electrical access may be made to any one of 
these contact pads to test the related functionality only in the respective die. For example, 
by testing contact pad CP5.1, only the functionality of circuitry within die 32i is tested. Of 
course, at the same time, different probe tips may be applied to the other contact pads 
CP5.2, CP53, and CP5.4, whereby at the same time each of their respective die may be tested. 
The choice of which contacts are made to be isolated solely within a single die may be 
ascertained by one skilled in the art One preferable consideration is to choose such 
isolation for signals that are sensitive to interference, such as may be the case for 
connections to analog devices that operate at high-frequencies. Lastiy, note that consistent 
with the earlier illustrations, since the preferred embodiment contemplates that each 
contact pad CP5.1, CP5.2, CP53, and CP5.4 is intended for individual probe touches, then 
preferably the physical dimensions of the contact surface of these pads is larger than those 
contact pads (e.g., CPijr, CPzx) that are mutually connected to shared pads. 
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[0035] A second example in Figure 3 which permits individual testing of each of the 
integrated circuit die 32, is by way of a shared pad SPe connected to the output of a 
mutliplexer M. Specifically, in this example of the preferred embodiment, each die 32x 
includes a single contact pad CPbjt that is connected as an input to multiplexer M, and 
multiplexer M also receives a control input from a control input pad CIP. In the preferred 
embodiment, multiplexer M is formed during the same fabrication steps used to construct 
the electrical components within the integrated circuit die 32x, and the interconnections 
between each contact pad CPe^ as an input to multiplexer M are also formed during that 
time. Again, therefore, tiiose electrical conductors from each contact pad CPejr to 
multiplexer M are formed during tiie formation of the intra-level metal interconnections of 
each die 32x. Given the schematic representation in Figure 3, one skilled in the art will 
readily appreciate the operation of these cormections and multiplexer M. Particularly, 
through the use of a probe card or the like, electrical access is made to control input pad 
CIP and shared pad SPe. With those contacts, different control signals are appUed to 
control input pad CIP to cause it, at four different times, to select each of its four input 
signals and couple the selected signal to shared pad SPe- Further, the output at shared pad 
SFe is sampled for each of these four different times, thereby providing a different test of 
the functionality associated with each of contact pads CPei, CP6.2, CP6.3/ and CP6.4. 

[0036] Given contact pads CP5.X, CPa ^, mtdtiplexer M, and shared pad SPe, one skilled 
in the art will further appreciate that these aspects permit the group testing facilitated by 
shared pads SPi, SP2, SP3, cmd SP4 to be augmented with individual testing of each of the 
different die 32* within shot SH2. Further in this regard, note that in the preferred 
embodiment different strategies may be adopted for selecting the number of pads that 
provide grouped testing of more than one die in a shot per time versus individualized 
testing. For example, in one preferred embodiment, the majority of the contact pads are 
connected to allow group testing of all of the die within a single shot SH^, while then a 
lesser number of selected contacts are provided to allow individual testing of each die 32^ 
on a shot SHx. Further, these techniques may be modified, by way of example, such that a 
group of die less than aU die in a single shot are connected to a shared pad; for example 
with respect to Figure 3, die 32i and 322 could have respective contacts connected to one 
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shared pad, while die 323 and 324 could have respective contacts coimected to a different 
shared pad. In this manner, one group could be tested by access to its respective shard 
pad without an effect from die in the other group. Lasfly, note that the choice of 
multiplexer M is by way of one preferred example, where various other alternative test 
circuitry are also contemplated to be formed in scribe area 34, either alone or in 
combination with a multiplexer. Such other test circuitry may include a logic gate or 
gates, a state machine, and other circuitry for testing as may be ascertained by one skilled 
in the art. In aU events, such test circuitry is only anticipated as useable for testing the 
integrated circuit die 32x during manufacturing, after which it is not used or indeed 
destroyed as each die 32x is physically separated from wafer 20. 

[0037] From the above, it may be appreciated that the above embodiments provide for 
a semiconductor wafer supporting numerous integrated circuit die, wherein the die are 
preferably grouped according to the exposure size or shot of the stepper system or 
comparable system for forming different groups of integrated circuit die on a wafer at 
different times. For each of those groups, a method and various structures have been 
shown whereby testing may be performed on each group of die by access to a single 
contact that is electrically connected via an inter-die connection to each die in the group. 
Moreover, the connections to the single contact are formed at the same time that 
interconnections within each die are formed, thereby eliminating any additional 
complexity, bxirden, and cost on the manufacturing process. Additionally, an augmenting 
method and structure are provided whereby some functionality of each individual die 
within a group may be tested, such as by providing contacts on each die that are not 
cormected to other die in the group and/or providing additional test circuitry such as a 
multiplexer in the wafer scribe area so as to assist with selective access to different die in 
the group. Lastly, note that once the testing is complete, all the die on wafer 20 are 
separated from one another, such as by using known techniques which by way of example 
include the use of a diamond saw to cut the die apart from one another by making cuts 
along scribe area 34. During this step, therefore, any inter-die connections in the scribe 
area are severed, and any scribe-area testing circuitry may be destroyed, but such results 
are acceptable because as of that point it has served its useful testing purpose. Moreover, 
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typically in the art a seal is then formed along the edge of each die. Once more, therefore, 
these conventionally-required steps of separating the die from one another and then 
sealing the die also are not burdened by the preferred embodiments and, therefore, the 
testing arclutecture and methods described above are achieved with little or no impact on 
the manufacturing process. Finally, note that the testing process is also improved from the 
preceding. For example, a probe card used in connection with testing a preferred 
embodiment group of die will be required to make fewer probe touches as compared to 
the prior art where all contact pads must be touched. As another example, the density of 
probe tips may be reduced which relaxes the constraints on alignment and size of tiiose 
tips. Consequently, tiie lifespan of the probe card is increased and there is a reduction in 
the expense of having to more frequently replace tiie card. As still another example, the 
time for testing an entire wafer may be dramatically reduced under the preferred 
embodiments. Specifically, in the instance where a single shot has four die with shared 
pads, then all four die may be tested in a time comparable to the time previously required 
in the prior art to test a single die, that is, testing time is reduced to one-fomth the time 
required to individually test tiie entire shot. Comparably, tiierefore, the testing time for 
the overall wafer is reduced proportionately. Further, \he greater number of die per shot 
and having shared testing pads, the more pronounced the reduction in testing time. Such 
reduction is highly valuable at a time when testing cost forms a considerable portion of 
the final device cost and also because more recently as other device fabrication costs have 
decreased, the cost and time relating to testing has increased. Accordingly, throughput 
during testing may be improved considerably. 

[0038] Given the preceding including the many variations that have been provided, 
one skiUed in the art should also appreciate that while the present embodiments have 
been described in detail, varioxis substitutions, modifications or alterations could be made 
to tiie descriptions set forth above without departing from the inventive scope. Numerous 
examples have been given, and still others are contemplated. For example, tiie use of a 
group of four die per shot (i.e., group) is only by way of example, when in other 
embodiments a different and indeed possibly much larger number of die may be formed 
in a shot (e.g., 8, 16, and more) and, hence, interconnected in an inter-die manner as 
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described. As another example, circuitry ottier than a multiplexer may be formed in ihe 
scribe area and which connects to more tfian one die for piirposes of testing. Thus, these 
examples as well as the preceding teachings of this document furtiier illustrate the 
inventive scope, which is defined by the following claims. 
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